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Abstract: The aim of this study was to establish the influence of the design of the sagittal split ramus osteotomy 
(SSRO) on stress distribution on the osteosynthesis in a photoelastic resin model. Two polyurethane hemimandibles 
were used to perform the osteotomies, tilted in the lateral sector of the first/second molar (group I) and the other 
descending downwards and laterally from the first molar (group II), with no higher angle. Six replicas of each were 
made in photoelastic resin and stabilized with a plate and 5 mm monocortical screws in a standardized way. Stabi-
lization was done in the SSRO without advancement, with 3 mm advancement and with 7 mm advancement. Com-
pressive loads were applied at the level of the lower first molar in an Instron machine (model 4411) with a speed 
of 1 mm/min until reaching 3 mm of displacement, at which point the data was recorded with a camera to identify 
the stress distribution bands. The results showed stress distribution in different places: for group I it was observed 
mainly in the screws of the proximal segment, being more intense closer to the osteotomy; in group II I it was ob-
served mainly in the screws of the proximal segment furthest from the osteotomy, also being distributed towards the 
upper area of the plate. It may be concluded that under standard osteosynthesis conditions, modifications to the 
SSRO produce changes in the location and distribution of stress. 
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Introduction 

The sagittal split ramus osteotomy (SSRO) is a 
technique with a long history and broad appli-
cation [1]. Its evolution has involved various 
modifications and the application of different 
stabilization methods, using wires, screws, 
plates and different devices in all of these [2].

It has been reported that the stability of the 
SSRO is one of the determinants of the success 
of orthognatic surgery [3], making it efficient in 
the long term. Modifications to the layout and 
application of the osteosynthesis imply differ-
ent capacities for stress distribution and 
absorption; in vitro studies have established 
that osteosynthesis with bicortical screws can 
resist higher levels of force than plates and 
monocortical screws [4].

In these studies, little value has been afforded 
to the type of SSRO. The guarantees provided 

by the use of the SSRO proposed by Epker [5] 
have been widely recognized; however, it is pos-
sible to think that variations in the type or the 
angulation of the SSRO can also produce 
changes in the absorption of force.

The aim of this study was to determine the 
impact of the SSRO on the stress distribution in 
monocortical screws using a system of analysis 
with photoelastic resin.

Materials and methods

Analysis groups

The osteosynthesis systems used in this study 
were 2.0 system 4-hole straight plates with tita-
nium alloy screws (Grade 2 titanium, ASTM 
F136 - Engimplan®, Rio Claro SP, Brazil), spaced 
at 7 mm with a 1 mm profile; all the screws were 
5 mm long. For the osteotomies, 2 polyure-
thane hemimandibles were used (Nacional 
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Figure 1. Photoelastic resin mandible model stabi-
lized in the advancement position together with the 
acrylic stabilization system and installation guide for 
screws and plate positioning.

Figure 2. Load in group IA (without advancement), 
showing the load distribution mainly on screw 3.

Ossos®, Jáu - SP - Brazil) and 2 analysis groups 
were established according to the type of 
osteotomy

Group I: An osteotomy was performed from the 
upper sector the lingula (5 mm above it), mov-
ing the saw downwards to 14 mm. Then, sagit-
tal through the lateral area of the second molar 
and between the two molars, the osteotomy 
descended perpendicularly to the basilar area, 
including the medial area of the mandible.

Group 2: An osteotomy was performed from the 
upper sector of the lingula (5 mm above it), 
moving the saw downwards to 14 mm. The 
movement was then made sagittal to the distal 
edge of the second molar and then descended 
straight towards the anterior, following the 
oblique line (lateral to the first molar), arriving 

Figure 3. Load in group IB (3 mm advancement), 
showing the load distribution mainly on screws 3 
and 4 and stress distribution downwards.

Figure 4. Load in group IC (7 mm advancement), 
showing the load distribution mainly on screws 3 and 
4, with less involvement of screws 1 and 2.

at the basilar area of the mandible, with no 
angles created between the osteotomies.

Each group had a master model with the 
described osteotomy created in a polyurethane 
mandible; and from this 6 standardized models 
of each were replicated, created in photoelastic 
resin. Then, each specimen was placed in a 
sub-group defined according to the degree of 
advancement of the osteotomy: A: No mandibu-
lar advancement, B: Mandibular advancement 
of 3 mm, C: Mandibular advancement of 7 mm.

Photoelastic model

The replica was made in photoelastic resin 
from the master hemimandible in each group. 
To do this, each hemimandible was covered by 
transparent liquid enamel to eliminate surface 
irregularities. Silicon was installed in each plas-
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Figure 5. Load in group IIA (no advancement), show-
ing the load distribution mainly on screw 4 and 
stress distribution upwards.

Figure 6. Load in group IIB (3 mm advancement), 
showing the load distribution mainly on screws 3 and 
4 and stress distribution upwards.

tic 12×10×5 cm box (Clássicos Artigos Odon- 
tológicos Ltda., Sao Paulo, Brazil) to make the 
impression of the polyurethane piece. The fill-
ing was carried out slowly and kept inside the 
box for 24 h; araldite resin was used in a mix-
ture of GY-279 with catalyzed HY-2963 in the 
polyurethane hemimandible mold (Adaltec 
Produtos Químicos Ltda., Guarulhos, Sao Paulo, 
Brazil), and held in position for 72 h as per the 
manufacturer’s instructions.

The osteosynthesis of the SSRO was performed 
in the routine manner and according to the 
manufacturer’s instructions. For each of the 
sub-groups, a master model was created, 
where the osteosynthesis was performed, tak-
ing care that the plate’s anterior position was 5 
mm posterior to the mental foramen, coinciding 
at one point located 10 mm below the cervical 

Figure 7. Load in group IIC (7 mm advancement), 
showing the load distribution on screws 3 and 4, with 
greater participation of screws 1 and 2; the stress 
distribution upwards is less, concentrating the pro-
cess on the screws.

limit of the lower second premolar and 10 mm 
below the cervical limit of the lower first molar 
so as to present a standardized location. Then, 
an acrylic resin surgical guide was created for 
each master model (Figure 1) (Dental Vipi Ltda., 
Pirassununga, SP, Brazil), which contained the 
points and guides for drilling holes. In this way, 
the surgical guide was standardized for each 
group and used for the osteosynthesis of the 
remaining mandibles in each sub-group.

Mechanical study design

A metallic iron alloy support was constructed, 
composed of a rectangular base and a vertical 
horn, giving the mandible rigidity and stabiliza-
tion at three points of the posterior sector of 
the condylar neck, mandibular ramus and man-
dibular angle, avoiding the clockwise rotation of 
the system during the load.

For the load test, a universal testing machine 
was used (Instron model 4411 -Instron Corp, 
Norwood, MA). The hemimandible was subject-
ed to a linear and constant force of 1 mm/min 
in the central fossa region of the first molar 
with application of a progressive load until 
reaching 3 mm of displacement. A camera (Fuji 
Model 9000 - Fuji Corporation, Japan) and 
plane polariscope (Eikonal Instrumentos 
Ópticos Comércio e Serviço Ltda., São Paulo - 
SP, Brazil) were connected to the system.

The force was applied in the central fossa of 
the first molar and used in the same way as the 
aforementioned technique. After application of 
the compressive force, the models that had 
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Discussion

The photoelastic model has been applied by 
other researchers [6], who described and quali-
fied photoelasticity as an analytical method 
that enables the joint visualization of stress in 
bodies of analysis, which very useful in the 
examination of complex anatomical regions 
such as the mandible.

Osteosynthesis is very important in the SSRO. 
Ellis [3] showed that the loss of stability of the 
osteosynthesis creates increased occlusal 
complications as well as the need for new sur-
geries. In this sense, the value of the osteotomy 
in the scheme of osteosynthesis has not really 
been considered.

The photoelastic images clearly show differ-
ences in the absorption of stress when differ-
ent osteotomies with the same system of 
osteosynthesis are compared. The different 
degrees of advancement revealed differences 
in the stress distribution and different phenom-
ena were also observed in both types of SSRO; 
group I presented greater stress distribution in 
screws 3 and 4, whereas group II presented 
greater stress distribution towards the upper 
sector of the proximal segment (with the excep-
tion of group IIC).

The rigid or semi-rigid internal fixation requires 
a clear interaction between the bone, screws 
and plates, with the stability depending on the 
three components [7]. As a result, differences 
in the osteotomy design can produce differenc-
es in the mechanical behavior of the entire 
system.

There is limited research with analyses similar 
to those discussed here. Sato [6] used a similar 
osteotomy model to that observed in our group 
II, and they determined that in the 3 mm 
advancement all 4 screws presented some 
degree of involvement in the absorption of forc-
es, with the greatest being in screw 4 and then 
1 and 2; these data partially differ from ours 
since we demonstrated minimal stress on the 
screws of the distal segment, which may be 
associated with the direction in which the load 
is applied. Another study conducted in finite 
analysis [8] determined that in a SSRO similar 
to that of our group I with 5 mm advancement, 
there was resolution of forces mainly in screw 
3, but the stress distribution was not shown at 
bone level.

already been manipulated were transferred to 
a furnace at 55°C where they remained for 5 
minutes to eliminate residual stresses. The 
photographic recording was done with the cam-
era and the test was recorded with a Sony 
Handycam (DCR-SR300 6.1 MP) to confirm the 
stress distribution dynamics. The stresses 
caused by the insertion of screws were record-
ed with this methodology, making it possible to 
compare with the stresses present after the 
test. The data analysis was descriptive, com-
paring the location, distribution and number of 
bands observed in the different screws and 
osteotomy area. The data were analyzed 
descriptively using the band distribution as the 
evaluation method.

Results

The results are described next according to the 
analysis group:

Group IA: After compression, it was observed 
that a good part of the stress was on screw 3, 
presenting a limited load on screw 4 and practi-
cally no stress on screws 1 and 2 (Figure 2).

Group IB: Screw 3 presented less stress than 
screw 4; the screws in the distal segment pre-
sented a minimum amount of stress. Screw 3 
presented less stress than in group IA (Figure 
3).

Group IC: Screw 4 presented a high stress level, 
with distribution towards the base and distal 
areas; screw 3 had less tension than screw 4, 
but more than in groups IA and IB (Figure 4).

Group IIA: Screws 3 and 4 accumulated stress 
with greater intensity than in group IA; the 
stress was directed mainly upwards with great-
er participation by screw 4. Screws 1 and 2 pre-
sented minimum involvement in the distribu-
tion of forces (Figure 5).

Group IIB: Greater stress dissipation was 
observed upwards and downwards in screws 3 
and 4; there was greater participation of screw 
1 in the dissipation of forces (Figure 6).

Group IIC: A uniform stress distribution was 
observed in the distal and proximal segments. 
The stress was concentrated close to the 
screws and no significant distribution was 
observed towards the neighboring bone seg-
ments (Figure 7).
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The paucity of information in the current litera-
ture limits the discussion of our results; how-
ever, we can conclude that differences in the 
SSRO design produce differences in the behav-
ior of the stress distribution in the osteosynthe-
sis applied.
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